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TRACKING SYSTEM AND TRACKING
METHOD USING SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S.
patent application Ser. No. 15/503,565, filed Feb. 13, 2017,
the disclosure of which is herein incorporated by reference
in its entirety. The U.S. patent application Ser. No. 15/503,
565 is a national entry of International Application No.
PCT/KR2015/008412, filed on Aug. 11, 2015, which claims
priority to Korean Application No. 10-2014-0104889 filed
on Aug. 13, 2014, respectively, the entire contents of which
are incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a tracking system and a
tracking method using the same and, more specifically, to the
tracking system, which can track the position of an instru-
ment such as a surgical instrument, and the tracking method
using the same.

BACKGROUND ART

A surgical instrument should be placed at an accurate
position in a surgical operation, and thus requires a system,
which can accurately track the position and posture of the
surgical instrument in real time, that is, a tracking system.
The tracking system includes an optical tracker using a
stereo camera.

The optical tracker is a device which can track the
position and posture of the surgical instrument by photo-
graphing a marker fixed to the surgical instrument, using the
stereo camera. However, when the marker fixed to the
surgical instrument is not photographed by the stereo cam-
era, that is, when a problem of occlusion occurs, the optical
tracker cannot track the position and posture of the surgical
instrument any longer.

Therefore, several recent studies have attempted to solve
the above-described problem, additionally using an Inertial
Measurement Unit (IMU) fixed to a surgical instrument or a
marker. The IMU is a sensor device which can measure and
acquire acceleration and angular velocity of the surgical
instrument, and can track the position and posture of the
surgical instrument using the acquired acceleration and
angular velocity. Therefore, even when the problem of
occlusion occurs in a stereo camera, the IMU can overcome
the problem and thus enables continuously tracking of the
position and posture of the surgical instrument.

However, the acceleration measured by the IMU includes
both gravitational acceleration caused by the Earth’s gravity
and movement acceleration caused by movement. Herein,
only the movement acceleration is used for tracking the
position of the surgical instrument, and it is necessary to
remove the gravitational acceleration from the acceleration
measured by the IMU. Therefore, in order to remove the
gravitational acceleration from the acceleration measured by
the IMU, a correction between the earth’s coordinate system
corresponding to the gravitational acceleration and an opti-
cal tracker coordinate system corresponding to the accelera-
tion measured by the IMU is necessary.

However, when the correction between the earth’s coor-
dinate system and the optical tracker coordinate system has
been made, the optical tracker should not be moved. If the
optical tracker moves, the optical tracker coordinate system
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changes by the movement of the optical tracker, and thus the
re-correction of the coordinate system is required. The
coordinate system re-correction process is not only cumber-
some, but may also prevent recognition of the necessity for
a coordinate system correction when there is an uninten-
tional change in the position of an optical tracker during a
surgical operation.

SUMMARY

For the purpose of solving the problems described above,
an aspect of the present disclosure provides a tracking
system which can continuously track a position and posture
of' a measurement object, regardless of the movement of an
optical tracker.

Further, another aspect of the present disclosure provides
a tracking method using the tracking system.

A tracking system according to an embodiment of the
present disclosure includes: a marker; a camera unit; a first
inertia measurement unit; a second inertia measurement
unit; and a tracking processing unit.

The marker is fixed to a measurement object. The camera
unit photographs the marker and outputs a marker image.
The first inertia measurement unit is fixed to the camera unit,
and measures and outputs first inertia including first accel-
eration and first angular velocity. The second inertia mea-
surement unit is fixed to one of the measurement object and
the marker, and measures and outputs second inertia includ-
ing second acceleration and second angular velocity. The
tracking processing unit primarily extracts a position and
posture of the measurement object, using the marker image,
and secondarily extracts the position and posture of the
measurement object, using the first inertia and the second
inertia.

The tracking processing unit may extract the position of
the measurement object, using the first acceleration and the
second acceleration, and may extract the posture of the
measurement object, using the first angular velocity and the
second angular velocity.

The tracking processing unit may extract movement
acceleration by the movement of the measurement object
from the second acceleration, using gravitational accelera-
tion extracted from the first acceleration, and then extract the
position of the measurement object, using the movement
acceleration.

The tracking processing unit may extract the gravitational
acceleration from the first acceleration, convert at least one
of the second acceleration and the gravitational acceleration
so that coordinate systems of the second acceleration and the
gravitational acceleration coincide with each other, and then
extract the movement acceleration, using the second accel-
eration and the gravitational acceleration having the coin-
cided coordinate systems.

A tracking method according to an embodiment of the
present disclosure includes: photographing, by a camera
unit, a marker fixed to an measurement object and outputting
a marker image; primarily extracting, by a tracking process-
ing unit, a position and posture of the measurement object
from the marker image; measuring and outputting, by a first
inertia measurement unit fixed to the camera unit, first
inertia including first acceleration and first angular velocity;
measuring and outputting, by a second inertia measurement
unit fixed to one of the measurement object and the marker,
second inertia including second acceleration and second
angular velocity; and secondarily extracting, by the tracking
processing unit, the position and posture of the measurement
object using the first inertia and the second inertia.
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Secondarily extracting the position and posture of the
measurement object may include: extracting the position of
the measurement object, using the first acceleration and the
second acceleration; and extracting the posture of the mea-
surement object, using the first angular velocity and the
second angular velocity.

Extracting the position of the measurement object may
include: extracting movement acceleration by the movement
of the measurement object from the second acceleration,
using gravitational acceleration extracted from the first
acceleration; and extracting the position of the measurement
object, using the movement acceleration.

Extracting the movement acceleration may include:
extracting the gravitational acceleration from the first accel-
eration; converting at least one of the second acceleration
and the gravitational acceleration so that coordinate systems
of the second acceleration and the gravitational acceleration
coincide with each other; and extracting movement accel-
eration, using the second acceleration and the gravitational
acceleration having the coincided coordinate systems.

When the first inertia measurement unit has a first inertial
coordinate system and the second inertia measurement unit
has a second inertial coordinate system, converting the at
least one of the second acceleration and the gravitational
acceleration so that coordinate systems of the second accel-
eration and the gravitational acceleration coincide with each
other may include: converting the gravitational acceleration
according to the first inertial coordinate system into the
second inertial coordinate system; and removing the gravi-
tational acceleration, which has been converted into the
second inertial coordinate system, from the second accel-
eration to thereby extract the movement acceleration.

When the marker has a marker coordinate system and the
camera unit has a camera coordinate system, converting the
gravitational acceleration according to the first inertial coor-
dinate system into the second inertial coordinate system may
include: converting the gravitational acceleration according
to the first inertial coordinate system into the camera coor-
dinate system; converting the gravitational acceleration,
which has been converted into the camera coordinate sys-
tem, into the marker coordinate system; and converting the
gravitational acceleration, which has been converted into the
marker coordinate system, into the second inertial coordi-
nate system.

When the camera unit has a camera coordinate system,
extracting the position of the measurement object, using the
movement acceleration, may include: converting the move-
ment acceleration into the camera coordinate system; and
extracting the position of the measurement object, using the
movement acceleration converted into the camera coordi-
nate system.

Meanwhile, the first acceleration coincides with the gravi-
tational acceleration, and the first angular velocity may be
zero (0).

As described above, according to a tracking system and a
tracking method using the same according to the present
disclosure, as a first inertia measurement unit is fixed to a
camera unit which is in a stopped state, the first inertia
measurement unit may measure gravitational acceleration. A
second inertia measurement unit may be fixed to the marker
or the measurement object and measure the acceleration and
angular velocity of the measurement object. Thereafter, the
gravitational acceleration may be removed from the accel-
eration of the measurement object so as to extract movement
acceleration of the measurement object, and the position and
posture of the measurement object may be continuously
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tracked, using the movement acceleration and the angular
velocity of the measurement object.

Further, as the first inertia measurement unit is fixed to the
camera unit, even when the camera unit is moved, a con-
version relationship between a coordinate system in the first
inertia measurement unit and a coordinate system in the
camera unit can be maintained to be constant. As a result, it
is possible to omit a coordinate system correction of the
gravitational acceleration according to the movement of the
camera unit and thereby simplify a tracking process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a concept of a tracking
system according to an embodiment of the present disclo-
sure.

FIG. 2 is a flowchart showing a tracking method accord-
ing to an embodiment of the present disclosure.

FIG. 3 is a flowchart showing a process of secondarily
extracting a position and posture of a measurement object in
the tracking method of FIG. 2.

FIG. 4 is a flowchart for describing extracting of the
position of the measurement object in the process of extract-
ing the position and posture of the measurement object
illustrated in FIG. 3.

FIG. 5 is a diagram showing a concept for describing a
relationship between coordinate systems and a conversion
process thereof in the tracking method of FIG. 2.

FIG. 6 is a flowchart showing a process of converting the
coordinate system in the process of extracting the position of
the measurement object illustrated in FIG. 4.

DETAILED DESCRIPTION

The present disclosure may have various modifications
and embodiments and thus will be described in detail by
exemplifying specific embodiments through the drawings.

However, it should be understood that the present disclo-
sure is not limited to the specific embodiments, but the
present disclosure includes all modifications, equivalents,
and alternatives within the spirit and the scope of the present
disclosure. Although the terms “ordinal numbers” such as
first, second and the like may be used to describe various
structural elements, the structural elements should not be
limited by the terms. The terms are used merely for the
purpose of distinguishing one element from any other ele-
ment. For example, a first element may be termed a second
element, and similarly, a second element may be termed a
first element, without departing from the scope of the present
disclosure.

In the present application, terms are merely used to
describe specific embodiments, and are not intended to limit
the present disclosure. As used herein, singular forms may
include plural forms as well unless the context clearly
indicates otherwise. In the present specification, it should be
understood that the terms “include” and “have” indicate the
existence of a feature, a number, a step, an operation, a
structural element, parts, or a combination thereof, and do
not previously exclude the existence or probability of addi-
tion of one or more other features, numbers, steps, opera-
tions, structural elements, parts, or combinations thereof.

Hereinafter, preferred embodiments of the present disclo-
sure will be described with reference to the accompanying
drawings.

FIG. 1 is a diagram for illustrating a concept of a tracking
system according to an embodiment of the present disclo-
sure.
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Referring to FIG. 1, the tracking system according to the
present disclosure is a device which can track the position
and posture of a measurement object 10, and includes: a
marker 100; a camera unit 200; a first inertia measurement
unit 300; a second inertia measurement unit 400; and a
tracking processing unit 500. In this case, the measurement
object 10 may be, for example, a surgical instrument.

Meanwhile, in the present embodiment, “the position of
the measurement object 10” may refer to a three-dimen-
sional coordinate value of a predetermined point in the
measurement object 10, and “the posture of the measure-
ment object 10” may refer to an angle at which the mea-
surement object 10 is spatially or two-dimensionally
inclined with respect to an imaginary vertical line. In this
case, when the measurement object 10 is not completely
spherical, that is, when the measurement object 10 has a
shape elongated to any one side, an angle at which the
measurement object 10 is inclined with respect to the
imaginary vertical line may be formed. Therefore, “the
posture of the measurement object 10” may be numerically
expressed.

The marker 100 is disposed on and fixed to one side of the
measurement object 10. As a result, when a movement
occurs in the measurement object 10, the marker 100 may
move together with the measurement object 100. The marker
100 may include a plurality of position points in order to
measure the position and posture of the measurement object
10. For example, the marker 100 may include four position
points as in FIG. 1. Meanwhile, the marker 100 has a maker
coordinate system indicative of a three-dimensional position
and movement relationship with reference to the marker
100.

The camera unit 200 photographs the marker 100 and
outputs a marker image. The camera unit 200 may be
disposed on or fixed to a separate holding means 20 so that
the camera unit 200 can easily photograph the marker 100.
The camera unit 200 may be, for example, a stereo camera
which can accurately measure special position and posture
information. Meanwhile, the camera unit 200 has a camera
coordinate system, which indicates a three-dimensional
position and movement relationship with reference to the
camera unit 200. Here, a reference coordinate system for
indicating the position and posture of the measurement
object 10 may be a camera coordinate system.

The first inertia measurement unit 300 is disposed on and
fixed to one side of the camera unit 200. The first inertia
measurement unit 300 has a first inertial coordinate system,
which indicates a three-dimensional position and movement
relationship with reference to the first inertia measurement
unit 300. Therefore, when the camera unit 200 moves, the
first inertia measurement unit 300 moves together with the
camera unit 200, and when the camera unit 200 is in a
stopped state, the first inertia measurement unit 300 is in a
stopped state. Thus, a conversion relationship between the
camera coordinate system and the first inertial coordinate
system may be always constant.

The first inertia measurement unit 300 includes a sensor
which can measure inertia including acceleration and angu-
lar velocity. The first inertia measurement unit 300 may be,
for example, an Inertial Measurement Unit (IMU). There-
fore, the first inertia measurement unit 300 measures and
outputs first inertia including first acceleration and first
angular velocity. Meanwhile, it is desirable that the camera
unit 200 is in a stopped state when measuring the marker
100. If the camera unit 200 is in a stopped state, the first
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acceleration coincides with gravitational acceleration by the
Earth’s gravity, and the first angular velocity has a value of
zero (0).

The second inertia measurement unit 400 is disposed on
and fixed to one of the measurement object 10 and the
marker 100. The second inertia measurement unit 400 has a
second inertial coordinate system which indicates a three-
dimensional position and movement relationship with ref-
erence to the second inertia measurement unit 400. There-
fore, when the measurement object 10 moves, the marker
100 and the second inertia measurement unit 400 move
together with the measurement object 10, and, when the
measurement object 10 is in a stopped state, the marker 100
and the second inertia measurement unit 400 are in a stopped
state together with the measurement object 10. Thus, a
conversion relationship between the marker coordinate sys-
tem and the second inertial coordinate system may be
always constant.

The second inertia measurement unit 400 includes a
sensor which can measure inertia including acceleration and
angular velocity. The second inertia measurement unit 400
may be, for example, an Inertial Measurement Unit (IMU).
Therefore, the second inertia measurement unit 400 mea-
sures and outputs second inertia including second accelera-
tion and second angular velocity. In this case, the second
inertia refers to a physical quantity according to the move-
ment of the measurement object 10.

The tracking processing unit 500 may transmit or receive
signals to or from the camera unit 200, the first inertia
measurement unit 300, and the second inertia measurement
unit 400 in a wired or wireless communication manner.
Therefore, the tracking processing unit 500 may be provided
with the marker image from the camera unit 200, the first
inertia from the first inertia measurement unit 300, and the
second inertia from the second inertia measurement unit
400.

Above all, the tracking processing unit 500 may analyze
the marker image and primarily extract the position and
posture of the measurement object 10. For example, the
tracking processing unit 500 may analyze the positions,
sizes, etc. of position points of the marker from the marker
image, and calculate the position and posture of the mea-
surement object 10. In this case, the position and posture of
the measurement object 10 may be expressed according to
the camera coordinate system.

Second, the tracking processing unit 500 may secondarily
extract the position and posture of the measurement object
10, using the first inertia and the second inertia. Herein,
“secondarily extracting the position and posture of the
measurement object 10” may include “only when the pri-
mary extraction by analysis of the marker image is impos-
sible, extracting the position and posture of the measurement
object 10 in order to complement the same” and “separately
extracting the position and posture of the measurement
object 10 regardless of the primary extraction by analysis of
the marker image”. Further, “when the primary extraction by
analysis of the marker image is impossible” may include
“when the marker has not been photographed because the
marker has been occluded by an object” and “when it is
impossible to analyze the marker image although the marker
image has been acquired”.

Meanwhile, when acceleration of an object is doubly
integrated, the relative position of the object may be calcu-
lated. When the angular velocity of the object is integrated,
the relative angle of the object may be calculated. When the
initial position and initial tilted angle of the object can be
obtained, the position and posture of the object may be
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calculated. Therefore, the tracking processing unit 500 may
secondarily extract the position and posture of the measure-
ment object 10 in the above-described calculation manner.
In other words, the tracking processing unit 500 may extract
the position of the measurement object 10, using the first
acceleration and the second acceleration, and may extract
the posture of the measurement object 10, using the first
angular velocity and the second angular velocity.

In the process of extracting the position of the measure-
ment object 10, using the first acceleration and the second
acceleration, the tracking processing unit 500 may extract
movement acceleration by the movement of the measure-
ment object 10 from the second acceleration, using the
gravitational acceleration extracted from the first accelera-
tion, and then extract the position of the measurement object
10, using the movement acceleration. Here, in the process of
extracting the movement acceleration by the movement of
the measurement object 10, the tracking processing unit 500
may extract the gravitational acceleration from the first
acceleration, convert at least one of the second acceleration
and the gravitational acceleration so that coordinate systems
of the second acceleration and the gravitational acceleration
coincide with each other, and then extract the movement
acceleration, using the second acceleration and the gravita-
tional acceleration having the coincided coordinate systems.

Hereinafter, a tracking method for tracking the position
and posture of the measurement object 10, using the above-
described tracking system, will be described in detailed.

FIG. 2 is a flowchart for describing the tracking method
according to an embodiment of the present disclosure.

Referring to FIG. 2, according to the tracking method of
the present embodiment, first, the camera unit 200 photo-
graphs the marker 100 fixed to the measurement object 10
and outputs the marker image (S100).

Thereafter, the tracking processing unit 500 primarily
extracts the position and posture of the measurement object
10 from the marker image provided from the camera unit
200 (S200). For example, the tracking processing unit 500
may analyze the positions, sizes, etc. of position points of
the marker from the marker image, and calculate the position
and posture of the measurement object 10. In this case, the
position and posture of the measurement object 10 may be
expressed according to the camera coordinate system.

Meanwhile, the first inertia measurement unit 300, which
is fixed to the camera unit 200, measures and outputs the first
inertia including the first acceleration and the first angular
velocity (S300).

Further, the second inertia measurement unit 400, which
is fixed to one of the measurement object 10 and the marker
100, measures and outputs the second inertia including the
second acceleration and the second angular velocity (S400).
Here, S400 may be separately performed regardless of the
order relative to S300. That is, S400 may be separately
performed either simultaneously with, before, or after S300.

Thereafter, the tracking processing unit 500 secondarily
extracts the position and posture of the measurement object
10, using the first inertia provided from the first inertia
measurement unit 300 and the second inertia provided from
the second inertia measurement unit 400 (S500).

In the present embodiment, S100 and S200, and S300,
S400, and S500 may be separately performed regardless of
the order thereof. Alternatively, S300, S400, and S500 may
be selectively performed only when the position and posture
of the measurement object 10 cannot be extracted through
S$100 and S200.
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Further, all of S100, S200, S300, S400, and S500 may be
successively performed in real time, and may also be per-
formed intermittently, rarely, or periodically at a predeter-
mined interval of time.

FIG. 3 is a flowchart showing a process of secondarily
extracting the position and posture of the measurement
object in the tracking method of FIG. 2.

Referring to FIG. 3, secondarily extracting the position
and posture of the measurement object 10 (S500) may
include: extracting the position of the measurement object
10, using the first acceleration and the second acceleration
(S510); and extracting the posture of the measurement
object 10, using the first angular velocity and the second
angular velocity (S520). In this case, S510 and S520 may be
separately performed regardless of the order thereof.

FIG. 4 is a flowchart showing a process of extracting the
position of the measurement object in the process of extract-
ing the position and posture of the measurement object in
FIG. 3. FIG. 5 is a diagram showing a concept for describing
a relationship between coordinate systems and a conversion
process thereof in the tracking method of FIG. 2.

Referring to FIGS. 4 and 5, in a step (S510) of extracting
the position of the measurement object 10, firstly, the
gravitational acceleration is extracted from the first accel-
eration (S512). In this case, the first acceleration includes the
gravitational acceleration and acceleration by the movement
of the first inertia measurement unit 300. When the camera
unit 200, to which the first inertia measurement unit 300 is
fixed, is in a stopped state, the first acceleration has a value
which substantially coincides with that of the gravitational
acceleration.

Secondly, at least one of the second acceleration and the
gravitational acceleration is converted so that coordinate
systems thereof coincide with each other (S514). In this
case, the second acceleration is expressed according to the
second inertial coordinate system, and the gravitational
acceleration is expressed by the first inertial coordinate
system. Therefore, in S514, the second acceleration may be
converted from the second inertial coordinate system to the
first inertial coordinate system so that a coordinate system of
the second acceleration coincides with a coordinate system
of the gravitational acceleration, the gravitational accelera-
tion may be converted from the first inertial coordinate
system to the second inertial coordinate system so that a
coordinate system of the gravitational acceleration coincides
with a coordinate system of the second acceleration, or both
the second acceleration and the gravitational acceleration
may be converted into a predetermined coordinate system,
for example, the camera coordinate system so that coordi-
nate systems of the second acceleration and the gravitational
acceleration coincide with each other.

Meanwhile, in the present embodiment, in order to mini-
mize an error in the process of the conversion in S514, it is
desirable to convert the gravitational acceleration from the
first inertial coordinate system to the second inertial coor-
dinate system and thereby make a coordinate system of the
gravitational acceleration coincide with a coordinate system
of the second acceleration. This is because the second
acceleration has a value which changes according to time,
but the gravitational acceleration extracted from the first
acceleration has an almost constant value.

Thirdly, the movement acceleration by the movement of
the measurement object 10 is extracted using the second
acceleration and the gravitational acceleration having the
coincided coordinate systems (S516). Specifically, the track-
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ing processing unit 500 may remove the gravitational accel-
eration from the second acceleration and thereby calculate
the movement acceleration.

Fourthly, the position of the measurement object 10 is
extracted using the movement acceleration (S518). In this
case, the movement acceleration may be expressed accord-
ing to coordinate systems which have been made to coincide
with each other through a coordinate conversion of at least
one of the second acceleration and the gravitational accel-
eration (hereinafter, referred to as “coinciding coordinate
system”), and the position of the measurement object 10
may be expressed according to the camera coordinate sys-
tem.

When the coincided coordinate system does not coincide
with the camera coordinate system, extracting the position
of the measurement object 10 (S518) may include: convert-
ing the movement acceleration from the coinciding coordi-
nate system to the camera coordinate system; and extracting
the position of the measurement object 10, using the move-
ment acceleration converted into the camera coordinate
system. For example, when the coincided coordinate system
is the second inertial coordinate system, the tracking pro-
cessing unit 500 may, first, convert the movement accelera-
tion into the marker coordinate system. Thereafter, the
tracking processing unit 500 may convert the movement
acceleration, which has been converted into the marker
coordinate system, into the camera coordinate system again,
and then doubly integrate the movement acceleration to
thereby calculate the position of the measurement object 10.

On the other hand, when the coincided coordinate system
coincides with the camera coordinate system, in the step
(S518) of extracting the position of the measurement object
10, the tracking processing unit 500 may doubly integrate
the movement acceleration, as it is, without performing the
coordinate system conversion of the movement acceleration,
thereby calculating the position of the measurement object
10.

Meanwhile, if the camera unit 200 is in a stopped state,
the first inertia measurement unit 300 is also in a stopped
state, and thus the first angular velocity has a value of zero
(0). Therefore, in S520 illustrated in FIG. 3, the posture of
the measurement object 10 may be extracted using only the
second angular velocity. For example, the tracking process-
ing unit 500 may integrate the second angular velocity,
thereby calculating the tilted angle of the measurement
object 10.

FIG. 6 is a flowchart showing a process of converting a
coordinate system in the process of extracting the position of
the measurement object illustrated in FIG. 4.

Referring to FIGS. 5 and 6, the process of converting the
gravitational acceleration according to the first inertial coor-
dinate system into the second inertial coordinate system may
include: a first conversion process of converting the gravi-
tational acceleration according to the first inertial coordinate
system into the camera coordinate system; a second con-
version process of converting the gravitational acceleration,
which has been converted into the camera coordinate sys-
tem, into the marker coordinate system; and a third conver-
sion process of converting the gravitational acceleration,
which has been converted into the marker coordinate sys-
tem, into the second inertial coordinate system.

In the present embodiment, since the first inertia mea-
surement unit 300 is fixed to the camera unit 200 and the
second inertia measurement unit 400 is fixed to the marker
100 or the measurement object, each of a conversion deter-
minant according to the first conversion process and a
conversion determinant according to the third conversion
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process may have a constant value. Therefore, the tracking
processing unit 500 may perform a coordinate conversion by
using a given initial value, as it is, without performing a
calculation for obtaining the conversion determinants
according to the first and third conversion processes.
However, if the measurement object 10 moves when it is
photographed by the camera unit 100, the marker coordinate
system is also changed and thus the conversion determinant
according the second conversion process may also be
changed. Therefore, the tracking processing unit 500 should
calculate, first, the conversion determinant according to the
second conversion process before converting the gravita-
tional acceleration into the second inertial coordinate sys-
tem.
As described above, according to the present embodi-
ment, the first inertia measurement unit 300 may be fixed to
the camera unit 200, which is in a stopped state, and to
measure the gravitational acceleration. Further, the second
inertia measurement unit 400 may be fixed to the marker 100
or the measurement object 10 and to measure the accelera-
tion and the angular velocity of the measurement object 10.
Thereafter, the gravitational acceleration may be removed
from the acceleration of the measurement object 10 so as to
extract the movement acceleration of the measurement
object 10, and the position and posture of the measurement
object 10 may be tracked using the movement acceleration
and the angular velocity of the measurement object.
Further, as the first inertia measurement unit 300 is fixed
to the camera unit 200, even when the camera unit 200
moves during photographing, a conversion relationship
between the first inertial coordinate system and the camera
coordinate system may be maintained to be constant. As a
result, the tracking process may be simplified by omitting a
coordinate system correction of the gravitational accelera-
tion according to the movement of the camera unit 200.
Although exemplary embodiments of the present disclo-
sure have been described as shown above, it will be under-
stood that various modifications and variations can be made
by those skilled in the art to which the present disclosure
pertains without departing from the spirit and scope of the
embodiments described in the claims below.
(EXPLANATION OF REFERENCE NUMERALS) 100:
Marker, 200: Camera unit, 300: First inertia measurement
unit, 400: Second inertia measurement unit, 500: Tracking
processing unit, 10: Measurement object, 20: Holding means
What is claimed is:
1. A tracking system, comprising:
a marker fixed to a measurement object;
a stereoscopic camera configured to photograph the
marker and output a marker image;
a first inertia sensor fixed to the camera and configured to
measure and output first acceleration and first angular
velocity;
a second inertia sensor fixed to one of the measurement
object and the marker, and configured to measure and
output second acceleration and second angular veloc-
ity; and
a processor configured to:
calculate a position and a posture of the measurement
object in a camera coordinate system, using the
marker image;

calculate movement acceleration by a movement of the
measurement object from the second acceleration,
using gravitational acceleration calculated from the
first acceleration;

convert the movement acceleration into the camera
coordinate system;
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calculate the position of the measurement object using
the movement acceleration converted into the cam-
era coordinate system and an initial position of the
measurement object; and
calculate the posture of the measurement object in the
camera coordinate system using the first angular
velocity, the second angular velocity and an initial
tilted angle of the measurement object.
2. The tracking system of claim 1, wherein to calculate the

movement acceleration, the processor is configured to cal- 10

culate the gravitational acceleration from the first accelera-
tion; and to convert at least one of the second acceleration
and the gravitational acceleration so that coordinate systems
of the second acceleration and the gravitational acceleration
coincide with each other; and to calculate the movement
acceleration, using the second acceleration and the gravita-
tional acceleration having the coincided coordinate systems.
3. The tracking system of claim 2, wherein the first inertia
sensor has a first inertial coordinate system, the second
inertia sensor has a second inertial coordinate system, and
wherein, to convert the at least one of the second accel-
eration and the gravitational acceleration so that the
coordinate systems of the second acceleration and the
gravitational acceleration coincide with each other, the
processor is configured to convert the gravitational
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acceleration according to the first inertial coordinate
system into the second inertial coordinate system; and
to remove the gravitational acceleration, which has
been converted into the second inertial coordinate
system, from the second acceleration to thereby extract
the movement acceleration.
4. The tracking system of claim 3, wherein the marker has
a marker coordinate system, the camera has the camera
coordinate system, and
wherein, to convert the gravitational acceleration accord-
ing to the first inertial coordinate system into the
second inertial coordinate system, the processor is
configured to convert the gravitational acceleration
according to the first inertial coordinate system into the
camera coordinate system; to convert the gravitational
acceleration, which has been converted into the camera
coordinate system, into the marker coordinate system;
and to convert the gravitational acceleration, which has
been converted into the marker coordinate system, into
the second inertial coordinate system.
5. The tracking system of claim 1, wherein the first
acceleration coincides with the gravitational acceleration,
and the first angular velocity is zero (0).
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